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The Tokachi-oki earthquake in 2003 
(M 8.0, 26 September, 2003)

Missing peoples: 2

Injured peoples: 847

Damage: 27 billion yen



GPS observation and fault model of the Tokachi-oki earthquake

GSI, 2003



Fault plane

Typical inter-plate thrust earthquake 

depth:15.7 km

length:85.7 km

width:83.0 km

Fault model (cont’d, GSI, 2003)

rake:23 degree



Observation wells
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Observed  coseismic changes in groundwater level



Observed  coseismic changes 
in pumping groundwater level



Observed  coseismic changes in groundwater flow rate



Strain steps vs. hydrological responses

27 of the 30 hydrological 
anomalies can be 
explained 
as a poroelastic responses 
to the earthquake-induced 
contractional or 
dilatational strain. 



Four large earthquakes (M > 7.5) in 1993 -1994
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Coseismic strain steps vs groundwater level changes
in 6 wells after the 5 large earthquakes
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Strain sensitivity of groundwater level :   
M2 tide vs coseismic strain 
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OB1, SP1, SP2: Coseismic changes in water level are constituent with  
strain sensitivities determined by M2 tidal constituent.

SR1 and YN: Smaller strain sensitivities determined by M2 tidal constituent 
-- close to coast (900m, 50m) 
-- underestimation of  ocean tide effect



Hydrological response to the Tokachi-oki earthquakes
in 1952 and 2003

2003 M8.0
1952 M8.2 



Conclusions

Twenty-seven of the 30 changes in groundwater levels or 
discharge rates can be explained as aporoelastic responses to 
inferred volumetric strain after the M8.0 Tokachi-oki earthquake.

Observed groundwater level steps associated with the Tokachi-oki
earthquake and four large earthquakes in 1993-1994 around the 
Hokkaido area are proportional to the inferred earthquake-induced 
coseismic strain steps in OB1, YN, SR1, SP1 and SP2 wells. 
Strain sensitivities determined by coseismic responses in 
groundwater levelare consistent with those estimated by M2 tidal 
strain in OB1, SP1 and SP2 wells.
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